nary fibrosis (IPF) is a devastating lung disease of unknown etiology. A conspicuous feature is the formation and persistence of fibroblastic/ myofibroblastic foci throughout the lung parenchyma. Mechanisms remain unknown, but data indicate that fibroblasts acquire an antiapoptotic phenotype. We hypothesized that transcriptional silencing of proapoptotic genes may be implicated, and accordingly we evaluated the epigenetic regulation of p14 ARF . The expression of p14 ARF was analyzed by RT-PCR in IPF (n ϭ 8) and normal derived fibroblasts (n ϭ 4) before and after treatment with 5-aza-2=-deoxycytidine (5-aza) and trichostatin A (TSA). p14 ARF gene promoter methylation was determined by methylation-specific PCR (MS-PCR) and by DNA digestion with endonuclease McrBc, which cleaves 50% of methylated CpG. Apoptosis was evaluated by Annexin-V and nuclear staining. p14
and the presence of hypermethylated promoter. No amplification was observed in the DNA treated with the McrBc enzyme, corroborating promoter hypermethylation. p14 ARF -hypermethylated IPF fibroblasts were significantly more resistant to staurosporine-and S-nitrosoglutathione-induced apoptosis compared with normal and nonmethylated IPF fibroblasts (P Ͻ 0.01) and showed reduced levels of p53. Resistance to apoptosis was provoked in fibroblasts when p14 ARF expression was inhibited by siRNA (P Ͻ 0.05). These findings demonstrate that many IPF fibroblasts have reduced expression of the proapoptotic p14 ARF attributable to promoter hypermethylation and indicate that epigenetic mechanisms may underlie their resistance to apoptosis. apoptosis; epigenetic; lung fibrosis IDIOPATHIC PULMONARY FIBROSIS (IPF) is a progressive and lethal disease characterized by injury and activation of lung epithelial cells, accumulation of fibroblasts/myofibroblasts, and abnormal remodeling of the lung parenchyma (9, 10, 23) . Small fibroblastic foci are present in a background of collagen deposition, suggesting active fibrogenesis, whereas scarring and honeycombing indicate longstanding changes, reflecting the temporal heterogeneity of the process (9) . It has been postulated that fibroblasts persist in the foci presumably because of resistance to apoptosis. Thus morphological studies usually show high rates of apoptosis and increased levels of apoptosisrelated markers in alveolar epithelial cells, with relatively little evidence of apoptosis in adjacent fibroblasts/myofibroblasts (28) . Moreover, myofibroblasts in fibroblastic foci of IPF lungs exhibit significantly less apoptotic activity compared with myofibroblasts in the fibromyxoid lesions of organizing pneumonia, which is usually a reversible lung disorder (14) .
Epigenetic regulation of gene expression is a dynamic process that plays a key role in normal cell growth and differentiation. Alterations in DNA methylation patterns are associated with the transcriptional silencing of critical cell regulatory genes that, under normal conditions, control the cell cycle and initiate apoptotic cell death in neoplastic cells (26) . Thus epigenetic inactivation of tumor suppressor genes is a common feature in human cancer.
Human p14 ARF and its mouse counterpart, p19 ARF , are tumor suppressors that, when upregulated, induce cell cycle arrest in both the G1 and G2 phases of the cell cycle (18, 26) . p14 ARF sequesters mdm2 in nucleoli, preventing mdm2-mediated p53 degradation and stabilizing a transcriptionally active p53 in the nucleoplasm (2) . Thus cells injured by oncogenic insults undergo p53-dependent growth arrest or apoptosis (2, 24) .
However, whereas strong evidence exists implicating epigenetic mechanisms in the pathogenesis of cancer, few such studies have been performed in lung fibrosis. Recent work has shown that hypermethylation of the Thy-1 promoter is associated with silencing of this putative fibrosis suppressor in fibroblastic foci of IPF lungs, whereas abnormalities of histone acetylation reduces the expression of cyclooxygenase-2, and consequently of PGE 2 , an important antifibrotic molecule (3, 22) .
In this study, we evaluated the state of methylation of the promoter region of the proapoptotic gene p14 ARF in fibroblasts obtained from IPF and normal lungs. Our results showed that p14 ARF was hypermethylated in half of the IPF fibroblasts examined, which correlated with decreased expression of the gene and protein and increased resistance to apoptosis.
MATERIALS AND METHODS
Cell culture. Primary human lung fibroblasts were obtained from patients with IPF (n ϭ 8; 59 Ϯ 7 yr) as previously described (21) after approval by the Science and BioEthics Committee of the National Institute of Respiratory Diseases. Diagnosis of IPF was made based on established criteria and confirmed by lung biopsy (19) . As controls, we used three primary human lung fibroblasts obtained in our laboratory (39 Ϯ 7 yr), derived from individuals without histological evidence of disease, and one normal human primary lung fibroblasts purchased from Clonetics, Cambrex BioScience (Walkersville, MD). Fibroblasts were cultured at 37°C in 5% CO 2-95% air in Ham's F-12 medium supplemented with 10% FBS, 100 U/ml of penicillin, 100 g/ml of streptomycin, and 2.5 mg/ml of amphotericin B. All fibroblasts were used between passages 2 and 5.
IPF and normal fibroblasts were plated 24 h before treatment with 5-aza-2=-deoxycitidine (5-aza), an inhibitor of DNA methylation, or trichostatin A (TSA), a histone deacetylase (HDAC) inhibitor (Sigma, St. Louis, MO). Cells reaching 60% of confluence were treated with 10 M of 5-aza for 3 days or with 300 nM of TSA for 24 h. At every 24-h interval, the medium was changed to fresh medium containing the drug.
Genomic DNA isolation. Fibroblasts were plated in 60-mm dishes, and when the cells reached ϳ80% confluence, they were harvested, and genomic DNA was isolated using the Puregene Cell kit (Gentra Systems, Minneapolis, MN) according to the manufacturer's instructions. DNA concentration was determined with NanoDrop (ND-1000) spectrophotometer.
Bisulfite modification of DNA. One microgram of DNA was treated with sodium bisulfite to convert unmethylated cytosine (but not methylated cytosines) to uracil. The sodium bisulfite modification of DNA was performed by using the DNA modification kit EpiTect (Qiagen, Valencia, CA) according to the manufacturer's instructions. Bisulfite-modified DNA was used immediately or stored at Ϫ20°C.
Methylation-specific PCR. The methylation status of the p14 ARF gene promoter in fibroblasts was determined by methylation-specific PCR (MS-PCR). The primers used to distinguish between methylated and unmethylated DNA sequences were: methylated primers 5=-GTGTTAAAGGGCGGCGTAGC-3= (sense), 5=-AAAACCCTCAC-TCGCGACGA-3= (antisense); unmethylated primers 5=-TTTTTGGT-GTTAAAGGGTGGTGTAGT-3= (sense), 5=-CACAAAAACCCTC-ACTC ACAACAA-3= (antisense). The MS-PCR was carried out with ϳ50 ng of bisulfite-modified DNA and Taq Platinum (Invitrogen, Carlsbad, CA). The amplification reactions for both methylated and unmethylated sequences were carried out for 31 cycles at 95°C for 30 s, 58°C for 30 s, and 72°C for 30 s, followed by extension at 72°C for 7 min. Unmethylated and methylated DNA controls (Chemicon, La Jolla, CA) were included in each reaction. Genomic DNA digestion and promoter amplification. Genomic DNA (250 ng) was digested 1 h at 37°C with three units of the endonuclease McrBC (New England Biolaboratories, Beverly, MA) supplemented with 100 g/ml BSA and 1 mM guanosine triphosphate. After incubation, the reaction was heat inactivated 20 min at 65°C. We amplified by PCR four regions (R1-R4) of the p14 ARF promoter as previously described (1) . PCR amplification was performed with 20 ng of undigested or digested DNA with Accuprime Taq DNA polymerase (Invitrogen). The primers used for amplification after digestion were: R1: 5=-GAAGAATGGAAGACTTTCGACG-3= (sense), 5=-TAACTGCA-GACTGGGACCCA-3= (antisense); R2: 5=-GCGAC TCCACCTAC-CTAGT-3= (sense), 5=-CCACTTTCCCGCCCTGTG-3= (antisense); R3: 5=-GGCACACACCCACCCAC-3=(sense), 5=-ACTAGGTAGGTG-GAGTCGCA-3=(antisense); R4: 5=-CTGAAGGTGGTGGTAGGAG-3= (sense), 5=-TGGGTGGGTG TGTGCC-3= (antisense) (13) . The amplification reaction for R1 was carried out for 35 cycles at 95°C for 30 s, 52°C for 30 s, and 72°C for 45 s, followed by extension at 72°C for 5 min. For R2-4, the conditions were 35 cycles at 95°C for 20 s, 55°C for 30 s, and 72°C for 1 min, followed by extension at 68°C for 5 min. All reactions were visualized on 1% agarose gels stained with etidium bromide. Quantitative analysis was performed by real-time PCR using i-Cycler iQ Detection System with 50 ng of digested or undigested DNA in SYBR master mix (Applied Biosystems, Foster City, CA) containing the primers previously described for R2. The reaction was carried out for 40 cycles of 95°C for 15 s, and 60°C for 1 min. As an endogenous control, 18S was amplified with an eukaryotic 18S probe (Applied Biosystems). The results were analyzed by relative quantitation using the ⌬ cycle threshold method (⌬C t). Experiments were done twice in duplicate.
Quantitative real-time PCR. p14 ARF gene expression was analyzed in IPF and control fibroblasts before and after treatment with 5-aza or TSA by quantitative real-time PCR. Total RNA from fibroblasts was isolated using the RNeasy mini-kit (Qiagen). One microgram of total RNA was reverse transcribed using Advantage RT-for-PCR Kit (Clontech, Palo Alto, CA). Quantitative real-time PCR amplification was performed in a mixture containing 3 l of cDNA, Taq Gold polymerase (Roche, Branchburg, NJ), and TaqMan probe-FAM dyelabeled assay on Demand Hs00233365_m1 (Applied Biosystems), using i-Cycler iQ Detection System (Bio-Rad, Hercules, CA). A dynamic range was built with each product of PCR on copy number serial dilutions of 1 ϫ 10 10 , 1 ϫ 10 8 , 1 ϫ 10 6 , 1 ϫ 10 4 , and 1 ϫ 10 2 ; all PCRs were performed in triplicate. Results were expressed as the number of copies of the target gene normalized to 18S rRNA (Human Euk 18s rRNA).
Western blot. Proteins from cells were extracted with lysis buffer, and aliquots containing 40 g of protein were separated in 10% SDS-polyacrylamide gels. Proteins were electroblotted onto nitrocellulose membranes (Hybond ECL; Amersham Biosciences, Cambridge, UK), and the membranes were blocked with 5% (wt/vol) nonfat dried milk. After incubation overnight at 4°C with antibodies against p53 (1:1,000; Cell Signaling, Beverly, MA), the membranes were incubated 1 h at room temperature with anti-mouse-horseradish peroxidase (1:5,000; Amersham). The signal was detected with the enhanced chemiluminescence (ECL) detection system (Amersham) using ChemiDoc-XRSϩ imagin system (Bio-Rad). Detection of human GAPDH (1 g/ml; Santa Cruz Biotechnology, Santa Cruz, CA) was used to test equal loading.
siRNA silencing of p14 ARF. p14 ARF was silenced in fibroblasts by siRNA transfection procedure. Human p14 ARF was purchased as a prevalidated Silencer Selected siRNA (Ambion, Austin, TX). siRNA was transfected into fibroblasts using the siPORT NeoFX transfection reagent (Ambion) according to the manufacturer's protocol. After 24 h of transfection in 12-well dishes, the medium was replaced by fresh culture medium, and 24 h later cells were used for apoptosis assay as described below. Previously a dose-response experiment was carried out to test the impact of transfection with 0, 2, 5, or 10 nM of siRNA on the mRNA level of p14 ARF . Subsequently, 5 nM of siRNA was used in transfection experiments to test the effect of this siRNA on the fibroblast apoptosis. The positive and negative controls for transfection were analyzed in parallel. Transfection efficiency was determined by RT-PCR analysis. Two independent experiments were performed by duplicate.
Flow cytometry. Fibroblasts were grown to ϳ75% confluence in 12-well culture plates. Apoptosis was induced by 1 M staurosporine (sts, Sigma) at times indicated in the figures. In parallel experiments, IPF fibroblasts with and without methylated p14 ARF promoter were exposed to S-nitrosoglutathione (GSNO, 500 M) for 24 h (31). Apoptosis was determined by Annexin-V staining assessed by flow cytometry as follows: harvested cells were incubated with Annexin V-PE and 7AAD (BD Bioscience, San Diego, CA) following manufacturer's instructions. Apoptotic cell death (Annexin-Vϩ, 7AAD-) was measured by flow cytometry using a FACSAria cytometer (BD Bioscience). The results were analyzed with Flow Jo software. Two independent experiments were performed in triplicate.
Nuclei staining. Fibroblasts (1 ϫ 10 4 /cm 2 ) from a normal (N1) and IPF cell line (IPF-5) were plated on coverslips. After 24 h, the cells were incubated with DMSO (control) or 1 M staurosporine for 6 h to induce apoptosis and then fixed 1 h with 2% paraformaldehyde. Cells were stained with 1 mg/ml of Hoechst 33342 (Invitrogen) for 20 min at room temperature. The coverslips were washed with PBS, mounted on glass slides and analyzed by fluorescence microscopy. The number of apoptotic cells was determined in two slides of each cell line counting the cells in seven random fields. Photographs were taken with a ϫ60 objective on Olympus IX81 interfaced to a DP71 digital camera system.
Statistical analysis. The results were expressed as means Ϯ SD. Comparisons were analyzed using ANOVA and Dunnett's multiplecomparison test. Values of P Ͻ 0.05 were considered statistically significant.
RESULTS

Methylation of p14
ARF in IPF fibroblasts. The DNA methylation status of the p14 ARF gene promoter was analyzed in eight IPF and four normal fibroblast cell lines by MS-PCR. Four of the eight IPF fibroblasts exhibited hypermethylation of the p14 ARF promoter (M band), whereas the four normal and the other four IPF fibroblasts remained unmethylated (U band). Figure 1A illustrates a representative example of MS-PCR assay showing the unmethylated PCR (U band ϳ132 pb) and methylated PCR (M band ϳ122 pb) products. Treatment with 5-aza for 3 days induced the loss of methylated PCR products found in the four IPF fibroblasts cell lines (Fig. 1B) . No effect was observed with TSA treatment (data not shown).
The methylation status of p14 ARF was also evaluated by amplification of the promoter in two of the IPF cell lines that showed hypermethylation by MS-PCR analysis (IPF-5 and IPF-6) and in one of the IPF fibroblasts that did not (IPF-2). The amplification of the promoter was carried out in DNA digested with the endonuclease McrBc, which cleaves 50% of all mCpG (1). Thus the methylated regions are cut by the enzyme and therefore do not amplify, whereas nonmethylated regions remain uncut, and they are amplified. The promoter was screened and amplified by PCR using four different amplicons ( Fig. 2A) . Virtually none of the amplicons were amplified in the DNA treated with the McrBc enzyme in IPF-5 and IPF-6 fibroblasts, further corroborating that their promoters are methylated, whereas, in IPF-2, DNA was not cleaved, ARF promoter were cultured alone or in presence of S-nitrosoglutathione (GSNO, 500 M) for 24 h, and apoptosis was analyzed by flow cytometry. *P Ͻ 0.05; **P Ͻ 0.01. ARF mRNA normalized to 18S rRNA expression of 2 independent experiments made by triplicate. *P Ͻ 0.05; **P Ͻ 0.01. and the products of amplification were visible ( Fig. 2A) . To quantify methylation levels, we analyzed the amplification of R2 of the promoter of digested or undigested DNA by SYBR Green-based real-time PCR. For this assay, methylation levels were calculated using the ratio of McrBc digested and undigested DNA in each sample that was taken as 100%. This approach corroborated that, after incubation with McrBc, significantly less amplification is observed in the IPF-5 and IPF-6 fibroblasts (Fig. 2B) .
Expression of p14 ARF in IPF and normal fibroblasts. To determine differences in the pattern of expression of the p14 ARF gene between IPF and normal fibroblasts, we analyzed the mRNA levels by quantitative real-time PCR in both IPF and normal cell lines. As shown in Fig. 3 (solid bars) , the basal level of p14 ARF gene expression was significantly reduced in the four IPF fibroblasts that had the gene hypermethylated (IPF-5, 6, 7, and 8) compared with the remaining cell lines (P Ͻ 0.01).
To evaluate whether the decreased expression of p14 ARF was provoked by epigenetic changes, fibroblasts were treated with 5-aza, an inhibitor of DNA methylation, or TSA, a histone deacetylase inhibitor. Treatment with 5-aza restored the expression of p14 ARF in the four cell lines (Fig. 3) . Compared with the basal levels, the fold change induced by 5-aza in IPF-5, IPF-6, IPF-7, and IPF-8 was ϳ2.9 (P Ͻ 0.01), ϳ0.7 (P Ͻ 0.05), ϳ1.2 (P Ͻ 0.01), and ϳ1.9 (P Ͻ 0.01), respectively. The expression of p14 ARF did not show changes with TSA treatment (data not shown).
Apoptosis in normal and IPF fibroblasts. P14 ARF is considered to be a proapoptotic gene. The reduced expression in the IPF fibroblasts with hypermethylated promoter indicates the possibility that this epigenetic change could confer resistance to apoptosis. To test this possibility, apoptosis was induced with 1 M of sts in fibroblasts with nonmethylated (N1, IPF-4) and methylated p14 ARF (IPF-5). Apoptosis was determined by Annexin-V staining 6 h later by flow cytometry. Compared with the fibroblasts that did not have P14 ARF hypermethylation, IPF-5 fibroblasts were significantly more resistant to apoptosis induced by sts (11.3 Ϯ 4.4% vs. 29.0 Ϯ 3.1% in normal fibroblasts; and 37.8 Ϯ 9.0 in IPF-4; P Ͻ 0.01; Fig. 4A ). Additionally, nuclear fragmentation and condensation, characteristic changes of cells undergoing apoptosis, were evaluated by Hoechst staining. We found that fibroblasts without p14 ARF promoter hypermethylation stimulated with sts showed an apoptotic level of 12.5 Ϯ 5.1%, whereas IPF-5 fibroblasts that have the promoter p14 ARF gene methylated showed 7.5 Ϯ 2.1% (P ϭ 0.05) (Fig. 4B) .
It has been suggested that p14 ARF is involved in apoptosis induced by nitric oxide (NO) (31) . To investigate whether the absence of p14 ARF prevents the cell death induced by NO, fibroblasts with the unmethylated and methylated promoter were exposed to GSNO (donor of NO) during 24 h, and the percentage of apoptotic cells was determined by flow cytometry. As shown in Fig. 4C , the treatment with GSNO induced apoptosis in both fibroblasts lines. However, in fibroblasts that have hypermethylation of the p14 ARF promoter, the percentage of NO-induced apoptosis was significantly lower. In p14 To determine whether the in vitro silencing of p14 has an effect on apoptosis resistance, we turned off the expression of this gene by siRNA transfection, after which apoptosis was induced by sts and measured as described before. By this procedure, the expression of p14 in fibroblasts that normally express this gene was reduced about 70% (Fig. 5A) . The analysis by Annexin-V staining showed that the apoptosis in the fibroblasts transfected with siRNA was reduced about 35% compared with fibroblasts transfected with control siRNA, from 24 Ϯ 2.6% to 15.6 Ϯ 3.2% (P Ͻ 0.05) (Fig. 5B) .
p53 levels in methylated and unmethylated IPF fibroblasts. It has been demonstrated that p14 ARF promotes the stabilization and accumulation of p53 (25) . To determine whether this process is affected with the p14 ARF methylation, cell lysates of two p14
ARF unmethylated (IPF-1 and IPF-3) and two methylated (IPF-5 and IPF-7) fibroblasts were analyzed by Western blot. As shown in Fig. 6A, p53 protein is decreased in the fibroblasts that have hypermethylation of the p14 ARF promoter compared with unmethylated fibroblasts. However, the decrease of p14 ARF expression by using siRNA induced a small and nonsignificant decrease of p53 (Fig. 6B) .
DISCUSSION
Resolution of alveolar damage is associated with successful reepithelialization and the eventual removal of myofibroblasts by a mechanism that likely involves apoptosis. In this context, it has been postulated that persistence of myofibroblasts in fibroblastic foci is a critical process in the pathogenesis and irreversibility of IPF (11) . However, the mechanisms involved remain unclear. TGF-␤1 has been shown to promote myofibroblast resistance to apoptosis, and recent findings indicate that endothelin-1 may have a similar role because it activates the prosurvival PI3K/AKT signaling pathway in normal and fibrotic human lung fibroblasts (7, 12) . Some evidence also supports a role of the tumor suppressor phosphatase and tensin homologue (PTEN), a nonredundant, evolutionarily conserved phosphatase. PTEN decreases cellular proliferation, which is associated with an induction of apoptosis. Importantly, fibroblasts from fibroblastic foci exhibit a distinct loss of PTEN, which has been related to the induction of a migratory phenotype, increased proliferation, resistance to apoptosis, and myofibroblast differentiation (29, 30) . However, the putative resistance to apoptosis by IPF fibroblasts is likely associated with multiple mechanisms.
Growing evidence indicates that some aging-associated phenotypes/diseases have an epigenetic basis. Thus epigenetic dysregulation by abnormal DNA methylation, as well as aberrant histone modifications, appears to contribute to different human diseases including autoimmunity and cancer (15) . Studies in IPF, an aging-associated disease, are scanty, but recent work indicates that epigenetic downregulation of Thy-1 in IPF fibroblasts provoked by hypermethylation of the gene promoter correlates with a more profibrotic myofibroblast phenotype (22) . Likewise, it has been demonstrated that defective histone acetylation prevents activated transcription factors from binding to the cyclooxygenase (COX)-2 promoter, resulting in diminished COX-2 gene transcription in IPF (3) .
In this study, we found that hypermethylation of CpG islands in the promoter region of the proapoptotic gene P14 ARF occurs often in fibroblasts obtained from IPF lungs. This process was demonstrated by the restored expression of the P14 ARF gene after treatment with the DNA methyltransferase inhibitor 5-aza and further corroborated by using restriction digestion with McrBc, which showed a high level of methylation of the p14 ARF promoter in the IPF fibroblast primary lines. The latter method allows examination the methylation status in a more global sense compared with that of a few CpG sites and also avoids the process of treating the genomic DNA with sodium bisulfite (26) . Deacetylation of histones by histone deacetylase produces compact chromatin, which is also able to inhibit gene transcription. However, treatment of IPF fibroblasts with the pan-HDAC inhibitor trichostatin A had no effect on P14 ARF expression. P14
ARF was selected for a number of reasons. It has been shown that it is able to activate intrinsic mitochondrial apoptosis, and in IPF lungs mitochondria-mediated apoptotic pathways are activated in alveolar epithelial cells but not in fibroblasts (6, 13) . Also, some evidence indicates that NO induces the upregulation of P14 ARF , which in turn activates p53, leading to apoptosis (31) . In IPF, nitrative stress induced by NO participates in the pathogenesis of epithelial cell damage and aberrant regeneration but does not affect fibroblasts (27) .
In addition, it is well known that p14 ARF is regulated mainly at the transcriptional level, and its methylation-induced silencing has been reported in several types of cancer (4, 8, 16, 17) . In these cases, alterations in p14 ARF seem to occur somewhat later during the development of cancer, affecting tumor progression rather than carcinogenesis (8) . p14 ARF induces cell cycle arrest in G1 and G2 phases and enhances p53-dependent transactivation and apoptosis. Moreover, it also induces apoptosis in a p53-independent manner interacting with the transcription factor E2F1 and inhibiting its transcriptional activity (5) .
Elimination of myofibroblasts by apoptosis is essential during normal wound healing, a process that seems to be hindered in IPF. In this context, understanding the mechanisms impli- ARF siRNA or nontreated (Ctrl) (B) were plated in 60-mm dishes and cultured in Ham's F-12 medium supplemented with 10% FBS until ϳ80% confluence was reached. Cell lysates were analyzed by immunoblotting using anti-human p53 antibody. Detection of GAPDH was used to test equal loading. cated in the resistance to cell death is critical to design new therapeutic strategies for this and other fibrotic lung disorders. In our study, we found that the P14 ARF gene promoter region of IPF fibroblasts appeared to frequently undergo CpG island hypermethylation, which in turn contributed to a significant downregulation of gene and protein expression. Importantly, this gene silencing conferred high resistance to sts-induced apoptosis and also to the cell death induced by NO, demonstrating that P14
ARF is involved in regulating lung fibroblast survival.
The fact that this mechanism of apoptosis resistance was only seen in four out of eight IPF fibroblast cultures tested could have several possible explanations. First, IPF is a spatially and temporally heterogeneous disease, and it is not known whether particular cultures represent fibroblasts specifically derived from fibroblastic foci. Secondly, it is possible that there are a variety of epigenetic and nonepigenetic pathways that can predispose to fibrosis and that different patients may represent distinct pathogenic alterations.
It has been established that p14 ARF works like a positive regulator of p53, and the propensity of oncogenes to trigger the p53-pathway of apoptosis is at least partially mediated through this gene (25) . Thus expression of p14 ARF stabilizes p53, favoring its accumulation, which leads to cell cycle arrest or apoptosis. In this context, we found that p53 protein is decreased in hypermethylated p14 ARF fibroblasts, indicating that in these cells the loss of p14 ARF may increase p53 degradation with the subsequent reduction of protein, as we observed by Western blot. Thus decreased expression of p14 ARF by its promoter hypermethylation affects p53-mediated apoptosis. However, this effect was not observed when p14 ARF gene expression was attenuated by the specific siRNA.
In a previous report, we found that fibroblasts from patients with IPF showed increased apoptosis compared with normal fibroblasts (20) . However, the study design differed, in that the previous study measured spontaneous apoptosis vs. induced apoptosis in this study. Furthermore, in the previous study, we used fibroblasts in more advanced passages, and we have observed that promoter hypermethylation might be lost in advanced passages. Also, the controls in the prior study were derived from uninvolved tissue in tumor resections, whereas in this study controls were from normal lung.
In summary, we report for the first time that the P14 ARF gene promoter is frequently epigenetically inactivated in fibroblasts derived from IPF lungs. Several pathways may contribute to the resistance to apoptosis and subsequent persistence of fibroblasts/ myofibroblasts within the fibroblast focus, and our findings indicate that hypermethylation-induced silencing of p14 ARF gene may be one of them. The reversibility of this profibrotic phenotypic feature with a drug that has been used clinically suggests that epigenetic silencing of apoptosis suppressors or fibrosis suppressors may be a primary or secondary target for novel antifibrotic therapeutics.
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